Four neonates with convulsions had IgG antibodies in their cerebrospinal fluid (CSF) to varicella zoster virus (VZV). These antibodies were found in the sera of two of these patients after the age of 6 months. Antibodies to 16 diVerent microbes were studied from the serum and CSF of 201 neonates with neurological problems. The presence of DNA specific to HSV-1, HSV-2, and VZV in the CSF was also investigated using the polymerase chain reaction (PCR). Antibodies to VZV were detected in the CSF of four neonates. Antibody indices suggested production of VZV specific antibodies in the central nervous system. These findings suggest that intrathecal production of antibodies to VZV can appear in neonates with neurological problems, which suggests that intrauterine VZV infection can be acquired without cutaneous symptoms in the mother. (Arch Dis Child Fetal Neonatal Ed 1998;78:F57-F61) 
Varicella zoster virus (VZV) can cause intrauterine infections resulting in congenital varicella syndrome. Fifty aVected infants have been described to date: 45 cases following maternal chickenpox and five following maternal zoster infection. The clinical manifestations were cutaneous scars (70%), eye abnormalitieschorioretinitis, microphthalmia, Horner's syndrome, cataract, nystagmus-(66%); abnormalities of limbs -unilateral hypoplasia of a leg, hypoplasia or absence of digits, talipes equinovarus, calcaneovalgus deformity-(50%); brain abnormalities-cortical atrophy, mental retardation, seizures-(46%); and poor sphincter control (32%). Early death occurred in 28% of the cases. Other possible manifestations are chromosomal aberration, abortion, and prematurity. Herpes zoster in infancy or in childhood may be the first manifestation of intrauterine infection.
1 VZV IgM antibodies, without clinical manifestations, may also be the only evidence of intrauterine infection. 2 After primary infection VZV remains in the sensory ganglia and can become reactivated as herpes zoster or neurological diseases; there may be no clinical manifestations, possibly due to lowered immunity 3 4 During pregnancy, the estimated incidence of VZV infections is 5 in 10 000 or more. 5 The well known and rare congenital varicella syndrome may only be the tip of the iceberg. In antibody screens of serum and cerebrospinal fluid (CSF) of 201 neurologically symptomatic neonates, we found four infants with antibodies to VZV in the CSF and these persisted in two of them after the age of 6 months. These findings are presented in this report.
Methods
The initial group for studies of viral antibody screening included 201 infants with neurological symptoms on whom a lumbar puncture had been performed for clinical reasons (suspected viral infection). The samples were collected between 1993 and 1995. All 117 boys and 84 girls were under 28 days of age at the onset of symptoms.
Children who had VZV antibodies in their CSF but no other findings were enrolled into the study. The mean age of the three boys and one girl at the onset of symptoms was 8.5 days. We selected as a reference group infants from the same group of 201 children who were born within one month of the index patients and who had similarly high VZV antibody titres but no VZV specific antibodies in their CSF. For every patient in the study group we found at least one comparable reference subject, six in all-four boys and two girls (mean age 1.3 days).
Follow up serum examinations were performed in three of the study and three of the reference subjects at over 6 months of age.
Ten serum samples from mothers of both groups were studied for specific antibodies. Samples were collected during the first trimester (National Public Health Institute, Oulu, Finland) and after delivery.
SCREENING TESTS
Assays for antibodies to HSV-1, HSV-2, VZV, respiratory syncitial virus (RSV) (commercial antigens, Virion, Wurzburg, Germany), adenovirus, influenza A and B, rotavirus, Coxsackie B5, echo 22, non-typed enterovirus and parainfluenza 1 viruses (antigens grown and purified, as described by Julkunen 1984) , and Mycoplasma pneumoniae (gift from M Kleemola, National Public Health Institute, Helsinki) were collected from serum and CSF samples using enzyme immune assay (EIA) tests. In solid phase EIA for specific IgG, antigens were used at a protein concentration of 1-5 µg/ml in dilution buVers to coat polystyrene microtitre plates (NUNC, Copenhagen, Denmark and Labsystems, Helsinki, Finland). Commercial kits were used for CMV and Toxoplasma gondii (CMV IgG and IgM kit; Toxoplasma gondii IgG EIA kit, IgM EIA kit, Labsystems). For chlamydial diagnostic tests, a microimmunofluorescence method (MIF) that measures IgG and IgM antibodies specific to Chlamydia trachomatis, pneumoniae, and psittaci was used. 7 PCR assays for HSV-1, HSV-2, and VZV were performed on CSF samples. Primers were selected from DNA polymerase genes for HSV-1, HSV-2, and VZV; and the PCR product was detected using luminometric microplate hybridisation. 8 9 OTHER VIRAL TESTS HSV and VZV specific IgM titres were assayed using commercial indirect immunofluorescence kits (Gull Laboratories, Salt Lake City, UT, USA). Positive tests were repeated after IgG inactivation (Gullsorp absorption). Antigens to herpes simplex, VZV, and respiratory syncitial virus, influenza A and B, parainfluenza 1 and 3, and adenoviruses were studied in throat specimens using immunofluorecence. Virus culture was attempted on CSF, throat, and stool samples using four diVerent cell lines: African GMK, Vero, human amniotic epithelial cells and human embryonic skin fibroblasts.
OTHER STUDIES
Routine CSF analysis included cell counts and analyses of glucose and total protein concentrations. Glucose was assayed amperometrically via the product of the glucose oxidase reaction using an Eppendorf EBIO 6666 analyser and the total protein by pyrogallol-red colorimetric method on a Hitacchi 717 automated chemical analyser. The assay was calibrated with Nycomed Seronorm protein and with Imro Nordic 96 (Labquality, Helsinki), the protein concentrations of which had been determined using a primary calibrator BCR CRM 470 (International Federation of Clinical Chemistry). The CSF and serum albumin as well as the CSF and serum IgG concentrations were assayed using immunoturbidimetry on a Hitachi 911 automated chemical analyser. The assays were calibrated with the IMPRO Nordic 93 standard (Labquality, Helsinki), the protein concentrations of which had been determined using the primary calibrator BCR CRM 470 (International Federation of Clinical Chemistry). The results obtained were used for calculating the CSF:serum albumin ratio (CSF albumin:serum albumin) and the CSF IgG index. The latter was calculated as the ratio CSF IgG:CSF albumin divided by the ratio serum IgG:serum albumin, The results were tested using the MannWhitney U test. A value of p < 0.05 was regarded as significant.
Results
Four infants (2%) with VZV IgG in the CSF had no other antibodies in the CSF nor signs of any other causes of their neurological symptoms. The reference patients had similarly high VZV antibody titres in their serum but no VZV antibodies in the CSF (table 1) . In particular, none of the patients had HSV, cytomegalovirus, or T gondii infection. In the reference group, one infant had Coxsackie B5 and one had influenza A IgG antibodies in the CSF. The aetiology of the neurological illnesses of the four study children remains unknown.
All four cases had weakly positive or unspecific (n = 1) IgM antibodies to VZV in the serum in at least one examination; one of them also reacted positively to the HSV IgM test. Two mothers in both groups reacted positively to the VZV IgM test.(table 1) Another reference mother had Coxsackie B5 infection that was confirmed by a diagnostic rise in serum IgG antibodies (from 43 to 180 EIU).
At follow up the antibody titre to VZV increased in one study infant (from 58 to 111 EIU); in the others the level remained about the same, whereas in reference subjects the level sometimes declined, although the diVerence between the groups was not significant. Antibodies to VZV persisted beyond the age of 6 months in two infants in the study group tested, but in none of the three reference group patients (table 1). A third child without persisting VZV antibodies was born prematurely (33 weeks) and had clinical RSV infection at the age of 25 days confirmed by positive antigen in upper respiratory secretions. She also had no persisting serum antibodies to RSV. One study group infant died at the age of 4 months with a diagnosis of chronic meningoencephalitis. Decline in serum antibodies to influenza A with age was similar in both groups and was also comparable with the decline of VZV antibodies in the reference group. One of the patients in the reference group still had influenza A antibodies beyond the age of 6 months and influenza A antibodies in the CSF as a neonate. No other patients in either group had these antibodies over the age of 6 months.
The serum:CSF VZV IgG ratio (EIU) of the study group ranged from 3.6 to 8.2 (mean 6) in the first samples, which suggests intrathecal production of antibodies. All VZV antibody indices were higher than normal (<5) which supports the hypothesis that specific intrathecal antibodies are produced. The antibody titres to VZV were similar during the first trimester sera in all mothers. After delivery this was higher (p=0.03) in the sera of the study group mothers than in those of the reference mothers (table 1) .
In the study group the three boys were born at term, but one girl was born prematurely (33 weeks) and she had respiratory insuYciency and RSV antigen in upper respiratory secretions at the age of 25 days. All patients in the study group had convulsions. Five of the reference subjects (four boys and one girl) had convulsions and one girl had muscle hypotonia. At the time of writing none of the patients in the study group has had clinical VZV infection
The study group patients had higher red blood cell counts in the CSF than the reference group. The glucose concentration in CSF was low in one reference patient with Coxsackie B5 infection (reference values 2.2-4.5 mmol/l). Chickenpox or herpes zoster had not been observed in any of the mothers during pregnancy.
Neither specific DNA nor virus antigen were found in any of the children. There was no significant diVerence between the study group and the reference group in serum VZV IgG antibodies (EIU) and serum:CSF albumin ratios. Therefore it is unlikely that VZV antibodies in the CSF of the study group could have originated from the serum. As evaluated by the CSF IgG index, intrathecal production of IgG was about the same in the study and reference groups (table 2) .
Discussion
Antibodies to VZV were found in the CSF of four neonates with convulsions, and persisting serum antibodies were found in two of three of these children. The serum:CSF antibody ratios were abnormal whereas reference antibodies were negative and antibody indices to VZV were increased, which suggests production of specific antibodies to VZV in the central nervous system of these sick neonates. This is a novel finding. Only one case report has previously indicated VZV specific antibodies in the CSF of a neonate. 12 That report provides no data on possible production of antibodies in the central nervous system. Moreover, in our report VZV antibodies in the patients' sera remained at the same level, whereas the level sometimes declined in the reference subjects, although the diVerence was not significant. Levels of reference antibodies to influenza A declined similarly in both groups. The suggested diagnosis of congenital VZV infection was confirmed by persisting antibodies over the age of 6 months in two of three of these children. A positive assay reaction to VZV IgM was also found in all of the study group (in one this was unspecific), but in none of the reference group patients. At postnatal follow up the antibody titre to VZV in the maternal sera was significantly higher in the study group than in the reference group.
The red blood cell CSF counts were higher in the study group. Possible explanations for this may be a haemorrhagic reaction or bleeding induced by lumbar puncture. VZV infection is associated with haemorragic phenomena. 13 White cell values were the same in both groups and CSF IgG indices were in line with general production of IgG.
Asymptomatic varicella infections during pregnancy have been diagnosed by the presence of specific IgM antibodies or by significant increases in maternal antibody titre, 14 but it has not been reported that neonates of such mothers have neurological problems. There is one report of a neonate with convulsions without other symptoms whose mother had had chickenpox two days before labour. 15 If the mother has chickenpox between 4 days before and 2 days after delivery, the mortality for infants is 30.5%. 15 Perinatal varicella infections manifest at birth and on day 9 of life have been reported in infants whose mothers have not had clinical infection. 17 18 The diagnosis of congenital VZV infection is problematic if the clinical picture is not typical. Even in typical cases isolation of the virus from the skin, CSF, eye and other organs has been negative. Specific IgM antibodies have been found in four of 11 cases. In most infants the serum antibody titre has fallen. 1 VZV DNA has been found in necropsy material (brain, lungs, liver, kidney or spleen) from fetuses or preterm infants whose mothers have had varicella infection during pregnancy. 19 20 In older children specific DNA has been detected in nasopharyngeal secretions, CSF, and white cells. However, it is unlikely that the virus would be found over two weeks after the infection. 21 22 One report describes negative VZV PCR in the CSF of a newborn infant with congenital varicella syndrome, 24 as in our study. Evidently this does not exclude the possibility of congenital infection.
The clinical spectrum of congenital VZV infection seems to be broader than expected. Specific VZV antibodies should be measured from both serum and CSF of newborn infants with seizures. In our series four infants apparently had intrathecal production of antibodies to the virus, and congenital VZV infection may have been the cause of their neurological problems. This diagnosis was confirmed by follow up examinations of serum antibodies in two of the three children after the age of 6 months. Specific treatment is available which makes accurate diagnosis very important as it may prevent recurrent symptoms and progression of neurological injury.
